Neuropsychologists often need to estimate the abnormality of an individual patient's test score, or test score discrepancies, when the normative or control sample against which the patient is compared is modest in size. Crawford and Howell [The Clinical Neuropsychologist 12 (1998) 482] and Crawford et al. [Journal of Clinical and Experimental Neuropsychology 20 (1998) 898] presented methods for obtaining point estimates of the abnormality of test scores and test score discrepancies in this situation. In the present study, we extend this work by developing methods of setting confidence limits on the estimates of abnormality. Although these limits can be used with data from normative or control samples of any size, they will be most useful when the sample sizes are modest. We also develop a method for obtaining point estimates and confidence limits on the abnormality of a discrepancy between a patient's mean score on k-tests and a test entering into that mean. Computer programs that implement the formulae for the confidence limits (and point estimates) are described and made available.
Introduction
Estimating the rarity or abnormality of an individual's test score is a fundamental part of the assessment process in neuropsychology. The procedure for statistical inference in this situation is well known. When it is reasonable to assume that scores from a normative sample are normally distributed, the individual's score is converted to a z score and evaluated using tables of the area under the normal curve [20, 23] . Thus, if a neuropsychologist has formed a directional hypothesis concerning the individual's score prior to testing (e.g. that the score will be below the normative mean), then a z score which fell below −1.64 would be considered statistically significant (using the conventional 0.05 level). More generally, and it could be argued more usefully (given that any significance level is an arbitrary convention that does not address the issue of severity), the probability for z provides the neuropsychologist with information on the rarity or abnormality of the individual's score. Thus, for example, if a patient obtained a z score of −1.28 on a given test, then a table of the normal curve will tell us that approximately * Corresponding author. Tel.: +44-1224-272-231.
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10% of the population would be expected to obtain a score lower than this. Many tests used in neuropsychology are expressed on a conventional metric such as an IQ scale (mean = 100, S.D. = 15), or test score (mean = 50, S.D. = 10). In such cases it is clearly often not necessary to convert the score to z to arrive at the estimate of abnormality. For example, a patient obtaining a score of 85 on the Working Memory Index of the WAIS-III [41, 42] is exactly 1 S.D. below the mean. Most neuropsychologists will know that therefore approximately 16% of the population would be expected to obtain a score as low or lower than this. However, the principle in this latter example is identical, i.e. the score is referred to the normal curve.
In the standard procedure just described the normative or control sample is treated as if it was a population; i.e. the mean and standard deviation are used as if they were parameters rather than sample statistics. When the normative sample is reasonably large this is justifiable. However, Crawford and Howell [10] point out that there are a number of reasons why neuropsychologists may wish to compare the test scores of an individual with norms derived from a small sample. For example, although there has been a marked improvement in the quality of normative data in recent years, there are still many useful neuropsychological instruments 0028-3932/02/$ -see front matter © 2002 Elsevier Science Ltd. All rights reserved. PII: S 0 0 2 8 -3 9 3 2 ( 0 1 ) 0 0 2 2 4 -X
